spontaneous intravascular thrombosis and pulmonary embolism.
Because surgical operations are not infrequently followed by deep-vein thrombosis a number of workers have studied the effect of surgery upon the rate of blood flow in the leg veins to see if it is followed by any reduction of flow (Smith and Allen, 1940; Wright et al., 1948) . Flow through the veins depends primarily upon Subjects Forty-five patients have been studied.
They were chosen at random, except for their sex. The problem of finding a chaperon in a busy female, ward made it difficult to study many women. Once it was found that changes identical to those already observed in men occurred in the first three women studied (Cases 14, 26 , and 39), it was decided that sex was not significant and the remainder of the studies were made on men.
The first 30 patients (group 1) were studied solely to elicit the effect of surgery upon their calf blood flow.
The next 15 (group 2) were given various drugs -once the nature of their response to surgery beCame obvious.
These drugs may have altered the duration of the response, and so it comes about that the figures for the nature, incidence, and extent of the response are drawn from all 45 patients (both groups), but those concerning the duration of the response are derived from group 1. (Browse, 1962 Immediate Post-operative Condition.-After operation Cases 11, 12, 14, and 20 had periods of mild hypotension varying from two to six hours.
Post-operative Activity.-Each patient kept a record of the time he spent out of bed each day after operation. It was found that once a patient was allowed up for five hours he was fully ambulant (Tables I and II) , and thereafter spent most of his day up and about.
Results Table IlI gives the results of the daily measurements of the resting calf blood flow. The -0 column indicates readings taken one or two hours before operation. It was not always possible to take a measurement from each patient every day, hence the occasional gaps in the series. Flows were measured until they had returned to the pre-operative level or until the patient was discharged. Each patient's temperature, pulse rate, and blood-pressure were recorded daily (Browse, 1961 (Fig. 1) ; IB, those in which the fall begins after the first day after operation (Fig. 2) .
Type 11 rise is present on the first day after operation (Fig. 3) ; IIB, those in which the rise begins after the first day following operation (Fig. 4) . Type 111.-Those cases that show a rise in flow on first day after operation followed by a fall to a level below that recorded before operation (Fig. 5) . Table IV shows which type of change occurred in each patient, together with its extent and duration. ----rl 7 cases (6 in IIA and 1 in IIB) (15.5%); and type III, 4 cases (9%). A drop in flow was the commonest response. Twothirds of the type I patients showed an immediate drop in flow and one-third a gradual drop. Type IIB response was the least common. the operation the higher the incidence of type II and III, or the longer the operation the higher the incidence of type I. Age and Depth of Drop. -Fig. 7 shows that the greater changes in flow are more common in elderly patients.
Age and Duration of Drop.- Table XI shows that the prolonged drops in flow occurred more often in old patients. Fitness and Depth of Drop.-It is noticeable in Fig. 8 that most of the class A and B patients have drops of 30-39%, whereas the majority of the class C patients have 60-69% drops. It must be concluded that the patient's fitness does affect the depth of the drop in flow.
Fitness and Duration of Drop.-In Table XII only one-half of the class A patients have drops in flow lasting for six days or more, whereas this occurs in two-thirds of the class B subjects and four-fifths of class C.
Type of Operation and Depth of Drop. -Fig. 9 reveals that abdominal operations, the more traumatic surgically speaking, are more often followed by a deep drop in flow than the others.
Type of Operation and Duration of Drop.-The first column of Table XIII is striking, for it contains no abdominal cases. Whenever the type I response -followed abdominal operations it lasted for six days or more.
Length of Operalion and Depth of Drop.- Fig. 10 demonstrates that the majority of those cases whose operation took less than 1 hours had a drop in flow of 30-39%. The longer operations have two peaks, but the greatest is at the 60-69% level. Fig. 10 is not the same as Fig. 9 . A number of the lesser operation's took a long time to perform and quite a few of the major ones were completed within 1* hours. Fig. 10 , therefore, shows that the length of the operation affects the extent of the response.irrespective of its severity. Table XIV and the increasing numbers in the long imply that the longer the operation the more likely is the drop in flow to be prolonged beyond 6-8 days. Fig. 11 shows that post-operative activity has no effect upon the duration of the response. In only one case does the day of return to full ambulation coincide with the day on which the blood flow returned to normal. In six cases the flow was back to normal before the patient was fully ambulant, but 16 cases continued to have a diminished resting calf blood flow despite being fully ambulant. There is a suggestion that the higher the initial rise in flow the smaller the subsequent drop.
The greater the rise in flow the longer it lasts. All four patients were in late middle age-63, 53, 51, and 66 years-and all were of class B fitness. None had had an abdominal operation. Each required investigation in its own right. Because the studies of the effect of bed rest proved to be both interesting and unexpected they have been made the subject of a separate article (Browse, 1962) .
1. Effect of Ward Life.-It was found that in healthy male patients living the routine ward life the resting calf blood flow, measured daily, did not change. Furthermore, the resting flow measured immediately after admission to hospital, when it could be assumed that it was the level that existed during the patients' normal life, was no greater than the resting flow measured 3, 5, 7, or 9 days later. The resting calf blood flow is therefore extremely stable and not affected by changes in the amount of exercise performed each day.
2. Effect of Bed Rest Alone.-Seventeen patients were studied. It was found that the calf blood flow reached its basal level before an hour of rest had elapsed and that further complete rest for as long as five days had no effect upon it.
3. Effect of General Anaesthesia Alone.-The changes that occur in the blood flow to muscles during general anaesthesia have been studied by a number of workers (Lee et al., 1953; Kitchen et al., 1953) . The object of the present study was to see if anaesthesia had any effect on muscle blood flow that persisted into the postoperative period after consciousness had returned. Only two patients were studied (Cases 59 and 60), for when examining these patients a few hours after their anaesthetic it was obvious that they were perfectly fit and without any after-effects, and this impression was confirmed by finding their resting calf blood flows unchanged. The conclusion is that once the-effect of the anaesthetic drugs has worn off it is illogical to expect them to have any continued influence upon the muscle blood flow. 4. Surgical Operations without General Anaesthesia.
-It was impossible to examine the effect of surgery performed without any form of anaesthesia, but the effect of a general anaesthetic was excluded by studying cases where surgery had been performed under local anaesthesia. Only two cases were examined once it was found that they both showed the type I response. (Blodgett and Beattie, 1946; Powers, 1947) . These studies show why.
Early activity and ambulation is good for the patient's morale, his pressure points, and his lungs, and should be encouraged for these reasons, not for false ones.
Summary and Conclusions
The resting calf blood flow has been measured daily in a group of 45 patients undergoing routine surgical operations.
The resting calf blood flow, mainly a measure of muscle blood flow, showed five different types of change. These changes have been called the " circulatory response to surgery, types LA and IB, IIA and IIB, and III." They are defined.
A fall in blood flow (type I) occurred in 75.5%-53.3% immediately (IA) and 22.2% gradually (IB). The average drop in flow was to a level 47 % below the pre-operative level and lasted for eight days. Drops in flow of 70-80% were encountered.
The remainder showed either a rise in flow (15.5%, type II) or a rise followed by a fall (9%, type III).
The extent and duration of the drop in flow was affected by the patient's age and fitness, and by the severity and length of his operation.
Control studies show that (a) the resting calf blood flow is remarkably constant from day to day in a patient living the normal ward life, (b) it is unaffected by long periods of bed rest, (c) it is unchanged after a general anaesthetic alone, and (d) the changes of flow that follow operations performed under general anaesthesia also occur after operations performed under local anaesthesia.
The unavoidable conclusion is that the changes in blood flow observed are a result of the surgical trauma alone. Bed rest and general anaesthesia are blameless. Subjects Twenty-nine patients have been studied. In a busy hospital it is difficult to find healthy men whom one can confine to bed for the purposes of research. *There is, however, a steady stream of fit men coming into hospital for operations on their hernias, haemorrhoids, ulcers, etc., who sometimes have to wait three or four days for their operation. Such patients formed the main group of subjects for this study. Others were men awaiting investigations-for example, urograms, barium studies, and endoscopies.
All 29 were healthy adult males. That is to say, their complaint was in no way affecting their general health and they were all capable of a full day's hard work. None had any detectable cardiac, pulmonary, or malignant disease.
The series contains men of all ages: two in their 'teens, six in their twenties, five in their thirties, four in their forties, six in their fifties, and six in their sixties-a fairly even distribution in spite of the fact that selection for this study, with the exception of the standard of fitness required, was a matter of chance. Technique
Method of Measuring the Calf Blood Flow
The calf blood flow was measured with a venousocclusion plethysmograph. The plethysmograph was c applied with the patient in the "resting state" (see below) in his own bed in the ward. It was filled with water kept at a temperature of 340 C. The patient was left with his leg in the apparatus for half an hour before any measurements were taken, in order to allow his skin blood flow to adjust itself to the temperature of the water. Venous occlusion was obtained with a collecting pressure, 10 mm. Hg below the patient's diastolic blood-pressure, applied through an inflatable cuff above the knee. A second cuff was placed round the leg immediately beyond the plethysmograph and inflated at the same time as the collecting cuff to the same pressure. This, and the environmental conditions, were the only differences from the technique of plethysmography described by Barcroft and Swann (1953) . They applied a pressure of 200 mm. Hg to the cuff below the plethysmograph in order to exclude the foot completely from the circulation of the limb. It was felt that this technique must affect the circulation higher up the limb, and it was thought sufficient-the environmental temperature (and so the temperature of the skin of the skin of the foot) being fairly constant-simply to exclude the venous return of the foot from the plethysmograph during the period of venous occlusion. Furthermore, the total period of recording lasted 15 to 20 minutes, and total circulatory occlusion for this length of time was extremely uncomfortable. Intermittent complete occlusion was not possible because the reactive hyperaemia it induced vitiated the recording.
Two sets of 10 to 20 periods of venous occlusions were recorded with a 1Q-minute pause between each set. Venous occlusion was applied for 5 to 10 seconds and followed by a 30-second pause.
Theoretical calculations and practical tests showed the maximum experimental error to be approximately *Now Lecturer in Surgery, Westminster Hospital.
